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Swine production is a major component of the American farm economy and generates large amounts of 
manure. While this manure contains nutrients essential for 
crop production these nutrients are oft en present in a diff erent 
proportion than is required by a growing crop. For example 
slurry usually has a lower N to P ratio (e.g., 3:1) than is required 
by the crop (e.g., corn grain has a N to P ratio of 6:1). Land 
application of slurry at rates to meet the N needs of a crop 
requires the least amount of land and is more economical than 
application at rates to meet the P needs of a crop (Lory et al., 
2004a,b). However, application of slurry at rates to meet the 
N needs of the crop can result in accumulation of P which 
increases the potential for negative environmental impacts 
(Sharpley et al., 1994).
Th e low N to P ratio in swine slurry results from the inability 
of monogastric animals to effi  ciently use phytate P which is 
the dominant form of P in most feed grains (Wodzinski and 
Ulla, 1996). Ineffi  cient utilization of phytate P requires grow-
ers to add supplemental P to feed so that animal needs are met. 
Ineffi  cient utilization of P results in high P concentrations 
in the manure. One approach for reducing the amount of P 
excreted by swine and other monogastric animals is develop-
ment of feed grains that store P in a more bioavailable form. 
Low phytate corn contains a gene that results in grain contain-
ing a similar amount of P as TC but a larger proportion of that 
P as phosphate rather than phytate (Ertl et al., 1998). Swine 
use more P from LPC diets than from TC diets resulting in a 
reduced need to add supplemental P and a lower amount of P 
being excreted (Spencer et al., 2000).
Previous research has shown that slurry from swine fed an 
LPC diet has a higher N to P ratio (4.5 vs. 3.3) than slurry from 
swine fed a TC diet (Wienhold and Miller, 2004). Laboratory 
and greenhouse studies have been conducted to determine if 
there are diff erences in the form and availability of P in manure 
from LPC diets. Wienhold and Miller (2004) used a sequen-
tial chemical fractionation procedure to compare solubility 
and lability of P in LPC manure to that in TC manure and 
concluded that while the concentration of total P was lower in 
LPC manure than in TC manure the chemical composition of 
that P was similar. Gollany et al. (2003) conducted a greenhouse 
study to compare available P as a function of time for soils receiv-
ing inorganic fertilizer P, LPC manure, or TC manure. Th ey 
concluded that manure available P was 60% that of inorganic fer-
tilizer P, total P in LPC manure was lower than in TC manure, 
and that availability of P was similar for the two manure types. 
Gollany et al. (2003) recommended that fi eld studies be con-
ducted to compare the availability of P in TC and LPC manures. 
We know of no fi eld studies comparing crop nutrient utilization 
from inorganic P, TC manure, and LPC manure.
Th e objective of this study was to compare crop N and P 
utilization under fi eld conditions when nutrients were applied 
as inorganic fertilizer, manure from swine fed a LPC diet, or 
manure from swine fed a TC diet. Nutrient utilization was 
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compared under two scenarios: (i) utilization of surface applied 
nutrients by no-tillage sorghum with nutrients applied each 
spring and (ii) utilization of incorporated nutrients by irrigated 
corn over two growing seasons.
MATERIALS AND METHODS
Crop utilization of N and P provided as either swine slurry 
or inorganic fertilizer was determined at two locations, the 
Rogers Memorial Research Farm near Lincoln, NE and the 
University of Nebraska South Central Agricultural Laboratory 
near Clay Center, NE. Th e study at the Rogers Farm compared 
N and P utilization among nutrient treatments applied for 
three consecutive years. Th e study at Clay Center compared 
N and P utilization among nutrient treatments in the year of 
application and in the year following application. Nutrient 
treatments for both studies included a control (no nutrients 
added), inorganic fertilizer (N as NH4NO3 and P as super-
phosphate), manure from swine fed a LPC diet, and manure 
from swine fed a TC diet. Nutrients were applied at rates for 
an expected sorghum yield of 5.4 Mg ha–1 at the Rogers Farm 
and an expected corn yield of 8.8 Mg ha–1 at Clay Center. Both 
manures were added at rates to meet the N needs of the crop 
assuming 70% of the N in the manure was available to the crop 
during the growing season (Koelsch and Shapiro, 1997). Th e 
two manures diff ered in nutrient concentration (Wienhold and 
Miller, 2004) and this diff erence resulted in year-to-year diff er-
ences in N and P application rates (Table 1).
To generate the two diff erent manure sources, corn exhibit-
ing the low phytate trait (Pioneer variety X1127PP)1 and the 
same variety without the low phytate trait (Pioneer variety 
Alicia) were grown under irrigation near Shelton, NE in 1998. 
Recommended practices for irrigation, fertilizer application, 
and pest control were used to optimize yield. Crops were har-
vested and stored separately until used as feed. Th e two corn 
sources were used to prepare feed appropriate for a starter phase 
swine diet in the spring of 1999, 2000, and 2001. Each year 
the two diets were fed to swine in elevated pens with 10 pigs 
per pen. Each diet was fed to all pigs in six randomly assigned 
pens. Trays were placed under each pen and slurry (manure 
and urine) was collected. Slurry from swine fed each of the two 
diets was stored separately ( <30 d) until needed for fi eld appli-
cation. During slurry collection and during fi eld application of 
the slurry (14–30 d aft er collection) duplicate samples were col-
lected and sent to a commercial laboratory for nutrient analysis. 
Results from the nutrient analysis of slurry sampled during 
collection were used to calculate application rates. Results from 
the nutrient analysis of slurry sampled during fi eld application 
were used to account for changes in slurry nutrient concentra-
tion during storage and to calculate actual nutrient amounts 
applied (Table 1).
Rogers Farm
Soil at the Rogers Farm was an Aksarben (formerly 
Sharpsburg) silty clay loam (fi ne smectitic, mesic Typic 
Argiudoll) with a total N concentration of 1.0 g kg–1, an 
organic C concentration of 10.2 g kg–1, a Bray P concentra-
tion of 7.8 mg kg–1, a bulk density of 1.36 g cm–3, and a pH of 
5.7 in the 0- to 15-cm depth. Th e fi eld had been cropped to a 
rainfed no-tillage grain sorghum, soybean [Glycine max (L.) 
Merr.], winter wheat (Triticum aestivum L.) rotation for more 
than 5 yr and was planted to sorghum the year before this 
study. Plots received the same manure or fertilizer treatment 
and crop nutrient utilization (described below) was determined 
each year. Treatments were surface applied at crop emergence 
in 1999, 2000, and 2001 to 3.6 by 9.7 m plots arranged in a 
completely randomized design with three replications (Table 
1). Sorghum (NC+ 7R37E) was direct-seeded in mid-May each 
year with a row spacing of 90 cm at a population of 167,000 
plants ha–1.
Precipitation from 1 May through 31 October totaled 47.4 
cm in 1999, 39.3 cm in 2000, and 37.0 cm in 2001 compared 
to the 20-yr average of 44.6 cm. Accumulated growing degree 
days (base 10°C) from 1 May to 31 October  were 1842°C in 
1999, 1973°C in 2000, and 1853°C in 2001 compared to a 
20-yr average of 1730°C.
At physiological maturity, all plants in 1.5 m of two rows 
were harvested from each plot. Plants were separated into 
grain and stover, dried at 60°C, and weighed. Subsamples of 
grain and stover were ground and analyzed for total C and N 
by dry combustion (Schepers et al., 1989) and total P colori-
metrically following acid digestion (Bowman, 1989). Sorghum 
grain yield is reported at a moisture content of 140 g kg–1 while 
air-dry mass for grain and stover was used for nutrient content 
calculations.
Clay Center
Soil at the Clay Center site was a well drained Hastings silt loam 
(fi ne smectitic, mesic Udic Argiustoll) with a fi eld average total 
N concentration of 0.8 g kg–1, an organic C concentration of 17 g 
kg–1, a Bray P concentration of 7.7 mg kg–1, a bulk density of 1.41 
g cm–3, and a pH of 6.7 in the 0- to 15-cm depth. Th e fi eld had 
been in a conventionally tilled (fall disk tillage to incorporate crop 
residue, spring tillage with a fi eld cultivator, and in-row cultivation 
to control weeds following crop germination) irrigated soybean–
corn rotation. Th e fi eld was planted to corn the year before this 
study. Treatments were applied at Site 1 in 1999 to 5 by 7 m plots 
arranged in a randomized complete block design with fi ve replica-
tions. Nutrient treatments were surface applied (Table 1), incorpo-
rated with a fi eld cultivator, and corn was planted. In 2000, plots 
at Site 1 were tilled and corn was planted with no additional nutri-
ent application. In 2000, treatments were applied to an adjacent 
set of 5 by 7 m plots (Site 2) arranged in a randomize block design 
with fi ve replications, incorporated, and corn was planted. In 
2001, plots at Site 2 were tilled with a fi eld cultivator and corn was 
planted with no additional nutrient application. Corn (Pioneer 
33A14 in 1999, 33G26 in 2000, and 33P67 in 2001) was planted 
in 76-cm rows at a seeding rate to achieve a fi eld population of 
71,600 plants ha–1.
Precipitation from 1 May through 31 October  totaled 42.2 
cm in 1999, 36.8 cm in 2000, and 43.6 cm in 2001. Irrigation 
provided an additional 20.1 cm of water in 1999, 35.5 cm in 2000, 
and 41.5 cm in 2001. Accumulated growing degree days (base 
10°C) from 1 May to 31 October were 1706°C in 1999, 1849°C in 
2000, and 1769°C in 2001 compared to a 20-yr average of 1730°C.
1Trade or manufacturer’s names mentioned do not constitute endorsement, 
recommendation, or exclusion by USDA-ARS or the University of Nebraska.
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At physiological maturity all plants in 3 m of row were har-
vested from each plot. Plants were separated into grain and sto-
ver, dried at 60°C, and weighed. Subsamples of grain and stover 
were ground and analyzed for total C, N, and P as described 
above. Corn grain yield is reported at a moisture content of 
155 g kg–1 while air-dry mass for grain and stover was used for 
nutrient content calculations.
Crop Nutrient Utilization
Crop nutrient content was calculated by multiplying the N and 
P concentration (kg Mg–1) by grain and total (grain plus stover) dry 
matter produced (Mg ha–1). Results are reported as grain N and 
P content and total dry matter N and P content (kg ha–1). Crop 
utilization of applied nutrients was compared using the apparent 
recovery method (Motavalli et al., 1989). Crop nutrient utilization 
was calculated as grain or total dry matter nutrient content within a 
nutrient treatment minus grain or total dry matter nutrient content 
within the control divided by the amount of total N or P applied in 
that nutrient treatment. For the Rogers Farm study, where nutrients 
were applied each year, no attempt was made to account for nutri-
ents remaining from the previous year’s nutrient application. For 
the Clay Center study where nutrients were applied once at each 
site, crop nutrient utilization was calculated as described above in 
Year 1. For Year 2, the 2-yr combined nutrient content of the con-
trol was subtracted from the 2-yr combined crop nutrient content 
of the treatment and divided by nutrients applied during Year 1. 
Th e Year 2 nutrient utilization represents cumulative nutrient utili-
zation for that treatment. Crop nutrient utilization is reported as a 
percentage of total N or P applied.
Analysis of variance was used to determine diff erences in grain 
and dry matter production, grain and dry matter N and P content, 
and crop nutrient utilization (SAS Institute, 1985). At the Rogers 
Farm the experimental design was completely random with repeated 
measures across years. At Clay Center, the experimental design was 
randomized blocks with two sites (the fi rst site consisting of treat-
ments applied in 1999 and the adjacent second site consisting of 
treatments applied in 2000) with repeated measures across years 
at each site. Diff erences were declared signifi cant at the 0.05 prob-
ability level. Diff erences among means were determined by pair-wise 
comparisons made with the DIFF option of the LSMEANS state-
ment. Th e Tukey adjustment option of the LSMEANS statement 
was used to protect the experiment-wise error rate.
RESULTS AND DISCUSSION
Rogers Farm
Sorghum grain yield exhibited a treatment by year interaction 
(P = 0.008). Yields in the control treatment were lower than 
those in all nutrient treatments in all years and decreased over 
the course of the study (Fig. 1A). Grain yields in the inorganic 
fertilizer treatment were similar across years and were similar to 
yields in the two slurry treatments in 2000 but lower than yields 
in the two slurry treatments in 1999 and 2001. Grain yields in 
the TC slurry treatment were similar in 2000 and 2001. Grain 
yields for the LPC slurry treatment were similar in 1999 and 
2000 and in 2000 and 2001. Grain yields in the TC slurry treat-
ment were greater than yields in the LPC slurry treatment in 
1999 and were similar in 2000 and 2001.
Total dry matter exhibited a treatment by year interaction (P = 
0.001). Dry matter production in the control treatment was lower 
than those in all the nutrient treatments and was greater in 1999 
than in 2000 and 2001 (Fig. 1B). Dry matter production within a 
treatment in all three nutrient treatments was greater in 1999 and 
2001 than in 2000. Dry matter production in the inorganic fertil-
izer treatment was lower than in the two slurry treatments in 1999 
and 2000 and was similar to the LPC slurry treatment but lower 
than the TC slurry treatment in 2001. Dry matter production was 
similar in the two slurry treatments in each of the 3 yr.
Declining grain and dry matter production in the control refl ects 
nutrient stress resulting from continuous cropping with no nutrient 
additions as reported by others (Evans et al., 1977; Ma et al., 1999a). 
Nutrient additions were most consistent in the inorganic fertilizer 
treatment and are refl ected in similar grain production across years 
in that treatment. Th ere was no evidence of reduced emergence or 
damaged seedlings resulting from the multiple years of slurry addi-
tion which is similar to what Evans et al. (1977) reported.
A treatment by year interaction (P = 0.02) was observed for sor-
ghum grain N content. Grain N content in the control treatment 
was lower than in the nutrient treatments in all years and was lower 
in 2001 than in 1999 or 2000 (Fig. 2A). Grain N content in the 
inorganic fertilizer treatment was similar across years, was lower 
than the two slurry treatments in 1999, and was similar to the LPC 
slurry treatment but less than the TC slurry treatment in 2000 and 
2001. Grain N content was similar between the two slurry treat-
ments in 2001 but greater in the TC slurry treatment than in the 
LPC slurry treatment in 1999 and 2000 and was greater in both 
Fig. 1. Sorghum (A) grain and (B) total dry matter production 
as a function of nutrient treatment and year at the Rogers 
Memorial Research Farm near Lincoln, NE. Error bars rep-
resent one standard error of the mean. Bars within a group 
having different uppercase letters or same shade bar among 
groups having a different lowercase letter above are different 
at P < 0.05.
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slurry treatments in 1999 than in 
2000 and 2001. Sorghum total dry 
matter N content exhibited a year 
eff ect (P < 0.001) being greater in 
1999 than in 2000 and 2001 in all 
nutrient treatments (Fig. 2B). Dry 
matter N content also exhibited a 
treatment eff ect (P < 0.001), declin-
ing in the order TC slurry treatment 
> LPC slurry treatment = inorganic 
fertilizer > control.
A treatment by year interaction 
(P < 0.001) was observed for sorghum 
grain P content. Within the control 
and inorganic fertilizer treatments, 
grain P content was similar across 
years (Fig. 2C). Grain P content was 
lower in the control than in all of the 
nutrient treatments in all years. Grain 
P content in the inorganic fertilizer 
treatment was similar to that in the 
LPC slurry treatment in 1999 and 
2000 and was less than that in the 
LPC slurry treatment in 2001. Grain 
P content in the inorganic fertilizer 
treatment was less than in the TC 
slurry treatment in all 3 yr. Grain P content was lower in the LPC 
slurry treatment than in the TC slurry treatment in 1999 and 2000 
but the two slurry treatments were similar in 2001. In the TC slurry 
treatment, grain P content decreased in the order 1999 > 2001 > 
2000 while in the LPC slurry treatment grain P content was simi-
lar in 1999 and 2001 and was greater in these 2 yr than in 2000. 
Sorghum dry matter P content exhibited a treatment by year interac-
tion (P < 0.004). Dry matter P content in the control was greater in 
1999 and 2000 than in 2001 and was less than that in the nutrient 
treatments in all years (Fig. 2D). Dry matter P content in the inor-
ganic fertilizer treatment was similar across years, was similar to 
dry matter P content in the LPC slurry treatment in all years, and 
was less than dry matter P content in the TC slurry treatment in all 
years. Dry matter P content in the TC slurry treatment was greater 
in 1999 than in 2000 and 2001 and was greater than in the LPC 
slurry treatment in 1999. Dry matter P content in the LPC slurry 
treatment was greater in 1999 and 2001 than in 2000.
Declining grain and dry matter nutrient content in the control 
treatment with time refl ects decreasing nutrient availability with 
continuous cropping and no nutrient additions as mentioned above. 
Higher grain and dry matter nutrient contents in 1999 than in 2000 
or 2001 in the nutrient treatments is the result of favorable growing 
conditions in 1999 compared to the hot and dry growing condi-
tions in 2000 and 2001. Diff erences in grain and dry matter N and 
P content between the two slurry types is likely due to the higher 
application rates in the TC slurry treatment than in the LPC slurry 
treatment in 1999 and 2000 (Table 1).
A treatment by year interaction was observed for sorghum grain 
(P < 0.0001) and dry matter (P < 0.001) N utilization. Grain 
(Fig. 3A) and dry matter (Fig. 3B) N utilization in the inorganic fer-
tilizer treatment was similar across years. Grain and dry matter N 
utilization in the inorganic fertilizer treatment was lower than 
in the TC and LPC slurry treatments in 1999 and was greater 
Fig. 2. Sorghum (A) grain and (B) total N content and (C) grain and (D) total P content as 
a function of treatment and year at the Rogers Memorial Research Farm near Lincoln, NE. 
Error bars represent one standard error of the mean. Bars within a group having different 
uppercase letters or same shade bar among groups having a different lowercase letter above 
are different at P < 0.05.
Fig. 3. Sorghum (A) grain and (B) total dry matter N utiliza-
tion expressed as a percentage of N applied as a function of 
nutrient treatment and year at the Rogers Memorial Research 
Farm near Lincoln, NE. Error bars represent one standard 
error of the mean. Bars within a group having different upper-
case letters or same shade bar among groups having a differ-
ent lowercase letter above are different at P < 0.05.
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than in the TC and LPC slurry treatments in 2000. Grain N uti-
lization was similar to the LPC slurry treatment but less than the 
TC slurry treatment in 2001. Total dry matter N utilization in the 
inorganic fertilizer treatment was similar to that in the LPC and 
TC slurry treatments in 2001. Grain and dry matter N utilization 
in each year was similar between the two slurry treatments and in 
both slurry treatments was greatest in 1999 and decreased in the 
order 1999 > 2001 > 2000. Sorghum grain P utilization exhibited 
a year eff ect (P < 0.0001). Grain P utilization was lower in 2000 
(25.1 ± 1.4%) than in 1999 (44.4 ± 7.0%) and 2001 (57.0 ± 2.2%). 
Sorghum dry matter P utilization also exhibited a year eff ect (P < 
0.0001). Dry matter P utilization was lower in 2000 (20.0 ± 2.3%) 
than in 1999 (46.7 ± 6.9%) and 2001 (56.7 ± 3.6%).
Grain and dry matter nutrient utilization exhibited more year-
to-year variation in the two slurry treatments than in the inorganic 
fertilizer treatment due to the eff ect of growing season weather 
on nutrient release from the manure and nutrient uptake by the 
plant and more variable application rates in the slurry treatments 
than in the IF treatment (Table 1). As N application rates increase, 
crop utilization of applied N decreases (Sims, 1987). High year-
to-year variation in nutrient availability in manured soils has been 
reported by others and factors responsible for this variation have 
been elusive (Motavalli et al., 1989). Soils at our study site did not 
have a history of manure application and surface application of 
slurry may have stimulated decomposition and mineralization 
in these no-tillage soils in 1999 (Ma et al., 1999b). Coelho et al. 
(2006) reported 20% N utilization by corn following surface 
application of slurry 2 mo aft er planting. Our treatments were 
applied much earlier at crop emergence which may explain the 
higher crop N utilization in this study. Nutrient utilization in 
2000 and 2001 was lower than in 1999 and may refl ect the hot 
and dry growing conditions that occurred during those 2 yr.
Clay Center
Corn grain yield exhibited a site by treatment by year interac-
tion (p 0.0002) and a treatment by year interaction (P < 0.0001). 
Th e three-way interaction resulted from lower grain yields in the 
control treatment at Site 2 than at Site 1 but similar grain yields 
within a nutrient treatment at both sites. Lower control yields at 
Site 2 than at Site 1 resulted from fertilizer application at Site 1 
but not at Site 2 the year before our nutrient application. Since it 
was only the magnitude of the diff erence between yields in the 
control treatment and that in the nutrient treatments that diff ered 
between sites, grain yield was averaged across sites to simplify pre-
sentation of nutrient treatment eff ects. Corn grain yield was simi-
lar between years for the control but greater in Year 1 than Year 2 
for the inorganic fertilizer, TC slurry, and LPC slurry treatments 
(Fig. 4A). In Year 1, corn grain yield was lower in the control treat-
ment than in the nutrient treatments and yield was similar among 
the three nutrient treatments. In Year 2, grain yield in the control 
was similar to that in the TC slurry treatment and less than that 
in the inorganic fertilizer and LPC slurry treatments while grain 
yield among the three nutrient treatments was similar. Total dry 
matter also exhibited a treatment by year interaction (P = 0.027). 
Total dry matter was greater in Year 1 than in Year 2 for all treat-
ments (Fig. 4B). In Year 1, total dry matter was lower in the control 
than in all nutrient treatments and was similar among the three 
nutrient treatments. In Year 2, total dry matter in the control and 
Table 1. Swine slurry, total N and total P application rates for 
the Rogers Memorial Farm and Clay Center study sites.
Nutrient source†
TC LPC IF Control
Rogers Farm
1999
Slurry, Mg ha–1 25.5 25.5 – –
N, kg ha–1 112 88 123 0
P, kg ha–1 43 30 30 0
2000
Slurry, Mg ha–1 35.1 20.7 – –
N, kg ha–1 258 194 123 0
P, kg ha–1 57 34 30 0
2001
Slurry, Mg ha–1 30.0 24.1
N, kg ha–1 120 121 123 0
P, kg ha–1 40 31 30 0
Clay Center
1999
Slurry, Mg ha–1 42.7 42.7 – –
N, kg ha–1 178 123 179 0
P, kg ha–1 68 42 50 0
2000
Slurry, Mg ha–1 50.8 46.4 – –
N, kg ha–1 175 271 179 0
P, kg ha–1 54 58 50 0
† TC = manure from swine fed a traditional corn diet, LPC = manure from swine 
fed a low phytate corn diet, IF = inorganic fertilizer.
Fig. 4. Corn (A) grain and (B) total dry matter production 
during year of application and year following application as 
a function of nutrient treatment at Clay Center, NE. Error 
bars represent one standard error of the mean. Bars within 
a group having different uppercase letters or same shade bar 
among groups having a different lowercase letter above are 
different at P < 0.05.
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TC slurry treatments were similar but less than total dry matter in 
the inorganic fertilizer and LPC slurry treatments.
Lower grain and dry matter production in the control than 
in the nutrient treatments in Year 1 refl ects nutrient stress 
that occurs when no nutrients are added to these continu-
ously cropped soils. Similar grain and dry matter production 
among the nutrient treatments in Year 1 demonstrates that 
crop response to these three nutrient sources was similar. In 
contrast, Kwaw-Mensah and Al-Kaisi (2006) reported higher 
relative corn grain yields with swine slurry addition than 
with inorganic fertilizer. Higher yields with swine slurry 
would result if soils at their site were defi cient in a nutrient 
that was present in the slurry but not in inorganic fertilizer. 
Lower grain and dry matter production in Year 2 than Year 
1 implies that residual nutrient availability from the previous 
year’s nutrient application were not suffi  cient to support high 
levels of production in these soils (Cusick et al., 2006).
A site by treatment by year interaction (p 0.02) and a treat-
ment by year interaction (P < 0.0001) was observed for corn 
grain N content. Th e three-way interaction resulted from 
lower grain N content in the control treatment at Site 2 than 
at Site 1 but similar grain N content within a nutrient treat-
ment at both sites. Since it was only the magnitude of the dif-
ference between grain N content in the control treatment and 
that in the nutrient treatments that diff ered between sites, 
grain N content was averaged across sites to simplify presen-
tation of nutrient treatment eff ects. Grain N content was 
similar for both years in the control treatment but was greater 
in Year 1 than in Year 2 for the three nutrient treatments 
(Fig. 5A). In Year 1, grain N content was lower in the control 
than in the three nutrient treatments and was lower in the 
TC slurry treatment than in the inorganic fertilizer and LPC 
slurry treatments. Total dry matter N content exhibited a 
treatment by year interaction (P < 0.0001). Corn total dry 
matter N content was greater in Year 1 than in Year 2 for all 
treatments (Fig. 5B). Dry matter N content was lower in the 
control than in the three nutrient treatments for both years 
and was similar among the three nutrient treatments in each 
of the 2 yr.
Corn grain P content exhibited a treatment by year interac-
tion (P < 0.0001). In Year 1, grain P content was lower in the 
control than in the three nutrient treatments while in Year 2 
grain P content was similar in the control and inorganic fer-
tilizer treatments, lower in the control than in the two slurry 
treatments, and similar among the three nutrient treatments 
(Fig. 5C). Corn total dry matter P content also exhibited a 
treatment by year interaction (P < 0.0001). In Year 1, dry 
matter P content was lower in the control than in the three 
nutrient treatments while in Year 2 dry matter P content was 
lower in the inorganic fertilizer treatment than in the TC 
slurry treatment, was similar among the control, inorganic 
fertilizer, and LPC slurry treatments, and was similar among 
the control and both slurry treatments (Fig. 5D).
Lower grain and dry matter nutrient content in the control 
during Year 1 refl ects the limited nutrient supplying avail-
ability of these annually cropped soils. Lack of site diff er-
ences in yield and nutrient content for the nutrient addition 
treatments are due to similar input of nutrients, irrigation 
reducing moisture stress, and weather conditions that were 
favorable for corn growth during the 3 yr of this study (P > 
0.14). Similar nutrient content among the nutrient treatments 
demonstrates that all three nutrient sources provided suf-
fi cient N and P for corn production in the year of application 
while the reduced nutrient content in Year 2 demonstrates 
that immobilization in soil microbial biomass and decompos-
Fig. 5. Corn (A) grain and (B) total N content and (C) grain and (D) total P content during 
year of application and year following application as a function of nutrient treatment at Clay 
Center, NE. Error bars represent one standard error of the mean. Bars within a group having 
different uppercase letters or same shade bar among groups having a different lowercase let-
ter above are different at P < 0.05.
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ing crop residue limits residual N and P availability to subse-
quent crops (Cusick et al., 2006).
A site by year interaction (P = 0.0007) was observed for corn 
grain N utilization. At Site 1, grain N utilization increased 
from Year 1 to Year 2 while at Site 2 it was similar for both years 
(Fig. 6A). Similarly, corn total dry matter N utilization exhibited 
a site by year interaction (P = 0.016). At Site 1, total dry matter N 
utilization increased from Year 1 to Year 2 while at Site 2 it was 
similar for both years (Fig. 6B). Site 1 received fertilizer the year 
before application of our nutrient treatments while Site 2 did 
not. Site 2 was likely more nutrient depleted than Site 1 aft er 
growing an unfertilized corn crop. Lack of an increase in N 
utilization for Year 2 at Site 2 is likely due to this lower soil 
nutrient status. Our nutrient applications provided N for crop 
uptake, soil microorganism activity, and for crop uptake in 
Year 2. Growing the unfertilized corn crop before our nutrient 
application resulted in less N for crop uptake in Year 2 at Site 2.
Corn grain P utilization diff ered between years (P = 0.0004) 
and increased from Year 1 (40.4 ± 3.0%) to Year 2 (50.2 ± 
4.5%). Corn total dry matter P utilization exhibited a site 
by year interaction (P = 0.046). During Year 1, dry matter P 
utilization was greater at Site 2 than at Site 1 while in Year 2 
dry matter P utilization was similar between sites (Table 2). 
There was no difference in dry matter P utilization between 
years at either site.
Lack of diff erences in N and P utilization among the nutri-
ent sources demonstrates that nutrient availability to corn was 
similar between the two slurry types. Similarity in nutrient 
utilization between inorganic fertilizer and slurry diff ers from 
other studies where higher nutrient utilization was observed 
for inorganic fertilizer than for slurry or manure (Bergström 
and Kirchmann, 2006). Th e small increase in grain N and P 
utilization during Year 2 at Site 1 and similar utilization across 
years at Site 2 agrees with other studies that have reported little 
residual nutrient availability in years subsequent to the year 
of application (Klausner et al., 1994; Chantigny et al., 2004; 
Cusick et al., 2006).
Management Implications
Slurry from swine fed a TC diet has a lower N to P ratio 
(3.3 vs. 4.5) than did slurry from swine fed a LPC diet 
(Wienhold and Miller, 2004). Th e N to P ratio for both 
slurry types are lower than what is required by a corn crop so 
that application of swine slurry at rates to meet the N needs 
of the crop should provide suffi  cient N and excess P to meet 
crop needs. Based on corn and sorghum yields, N and P con-
tent, and N and P utilization during the year of application 
there was no evidence of reduced nutrient availability in the 
LPC slurry compared to the TC slurry in the present study. 
High crop available P from LPC slurry supports conclusions 
from manure P fractionation and soil incubation studies 
that while the amount of P relative to N is lower in LPC 
slurry than in TC slurry the availability of that P is similar 
(Gollany et al., 2003; Leytem et al., 2004; Wienhold and 
Miller, 2004). While available P in manured soils remains 
elevated in subsequent years the availability of manure N in 
subsequent years is low. Chantigny et al. (2004) applied 15N 
labeled swine slurry to a clay soil and found 29% in a corn 
crop grown the year of application and only 3% in a subse-
quent barley crop.
Annual applications of swine slurry at N rates to satisfy 
crop demands have been shown to result in accumulation of 
soil P with greater accumulation using TC slurry than with 
LPC slurry (Wienhold, 2005). Two approaches for reducing 
the rate of P accumulation are to either apply slurry at a rate 
to meet crop P needs and satisfy crop N needs with addi-
tional inorganic fertilizer N or apply swine slurry at a rate 
to meet crop N needs and apply only inorganic fertilizer N 
in subsequent years until soil P is reduced. Both approaches 
would require more land than annual slurry additions at 
crop N rates (Lory et al., 2004b) but the area would be less 
with LPC slurry than with TC slurry. The lower N to P 
ratio of LPC slurry will require less supplemental fertilizer 
N when slurry is applied at crop P rates and will result in 
slower accumulation of soil P than use of TC slurry when 
applied at crop N rates. Conservation of N during slurry 
Fig. 6. Corn (A) grain and (B) total dry matter N utilization 
expressed as a percentage of N applied during year of applica-
tion and year following application as a function of site at Clay 
Center, NE. Error bars represent one standard error of the 
mean. Bars having different uppercase letters above are dif-
ferent at P < 0.05.
Table 2. Apparent corn total dry matter P use as a function of 





1 26.7 ± 4.9 a B‡ 36.6 ± 7.0 a A
2 34.4 ± 5.2 a A 31.0 ± 9.3 a A
Average 30.6 ± 3.2 a 33.8 ± 5.2 a
† Year: fi rst designates year of application, second designates year after application.
‡ Mean ± SE, means within a row followed by different lowercase letters are 
different at P < 0.05, means within a column followed by different uppercase 
letters are different at P < 0.05.
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storage would enhance the advantage of LPC for providing N 
and P in amounts required by a crop.
We know of no previous fi eld research comparing crop utili-
zation of nutrients provided by manure from animals fed LPC 
to that of animals fed TC. Our fi eld results demonstrate that 
grain and dry matter N and P utilization when nutrients were 
provided as LPC slurry were similar to that when nutrients 
were provided as inorganic fertilizer. Based on results from this 
initial study we conclude that current recommendations for 
land application of swine slurry should pertain to LPC slurry.
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